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(57) Provided is a active material for positive elec- 
trode for an alkaline secondary cell, which advanta- 
geously exhibits improved overdischarge characteris- 
tics improved utilization of the active material and an 
improved effect of suppressing the rise in cell internal 
pressure, a method for producing the same, and an al- 
kaline secondary cell using the above active material for 
positive electrode, especially a nickel-hydrogen sec- 
ondary cell. 

The above active material comprises nickel hydrox- 
ide particles each having a surface to which a cobalt ox- 
ide sticks, wherein the cobalt oxide contains 20 to 40 % 
by mole of cobalt (II) oxide, wherein the nickel hydroxide 
particles form an eutectic together with Co and Zn or/ 
and Y and the Co content of the eutectic is 2 % by mass 
or less and the nickel hydroxide particles have a value 
of a half width of the peak ascribed to the (1 01 ) crystal 
face diffraction of 0.8 o /26(Cu-K K ) or more as measured 
by powder X-ray diffractometry. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



pool, The present mention re.ates ,oa act™, ^^^^^^^ 
Lhod for producing the same as well ^J^^^^^^ang the same. More particular.* the 
e .ectrode. especially a nickel-hydrogen exhibiting high uti.ization and a method 
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- [0003] As the nickel electrode one wh.ch .sot s.nte.-type and one wn.c 

,s porous substrate is impregnated with an aqueous bo.uuo . of a n ™ us an a(kaline aqueous solution . 
sal. is converted into nicKe. hydrox.do W hich ^^"^^^^ tta needed . such as an impregnation of 

by increasing the amount of the act.ve mater.al added. Das , e -t V pe positive electrode produced by 

10007] For solv.ng the above problems, stud.es have been made on the paste ^pe ^p wa(er 
a method in wh.ch nickel hydrox.de pamdes pamc.es ^^^^^^^^ baving a three- 
to tnereby prepare a paste for an act.ve mater.al. and a conduct Ma» n« a. ^ rf 

s^rarsssi" ss^^- - — e positive e,ec,rode is 

larger than those m the above-mcnt.oned s.n,er,ype positive elect «d* Therefore, he W ^ be 

the active ma.ena. paste. i.e.. act.ve mater.al is easy and lunher. the amount o *£™ advama . 
increased Thus, from the v.ewpo.nt of .ncroas.rg tne capac.ty o( a cell the paste type positive 
geous. as compared to the s.nter-tyoe posit.ve electrode blowing problem. Specifically, s.nce 

[0009] However, on the othe. hand the ^^^^^J^S^ in the pores of the core 

and m.xed m the predetermined amount as a conducive auxiliary. 
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C0012] ^ . — . — - « m rcrar™rcr^r„spsi 

* deposited between the niekel hyd,o«,de pa Rid. M ta» ^ malrl> ,„ , he positive eleeln.de. As a 

andThe skeleton o. the eondttdlive oote ^^SS b™ aetive material and the conductivity between 

brr^s^ss^— so ,hal ,he u "" ia " on °' a " ive ma,en 

SELES tor positive etecaode .ncoRddtated , ao»va = a.a = pa , 

-Soo^^^^ 

paste is prepared using the resultant active material. b-148145 discloses a method in which a 

[0019] For example. Japanese Unexamined Patent PJteatton ™. « ^ subjected to nea t treatment in the 
Sent Co compound is disposed on the surface ^^^^^^^^ of the Cocompound 
presence of an alkaline aqueous solution ^^^^ nt 7*°«lde of Co having a valence of more than 2 
becomes irregular, and the above Co ^^* t ^^J^ KB an active materia, comprising composite nickel 

R^aTl^^ 

( „id .Ret ^ZZ^r:»:*JL^ an «L - Cd « . v„enoe e, apod, 2 

material is lower than that ot the convenuo. nr^sure rises during the charging. 

in addition, there is a problem in that the cel. nterna <° an extent such that the va.ence thereof 
[0021] This phenomenon is caused by the fact that, wnen ^ electrolytic liquid in the cell and is not 

becomes about 2.9, the resultant Co oxide is -^J^J^S^*^ conductive matrix bonding 

:: d ~r a ^^ -^1 

so.ution. such as an aqueous sodium hydroxid . ^^^^^^^ of oxygen, and thoroughly stirring 
containing an alkali component. compound added is converted into a higher oxide to coat 

!S a rrni^ 
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S I" «* n,e.hod. KM. nickel hydro*. * pa me . «£» b hea , „ ea , me „, bv graying an 
ire produced separably. Then, .he nicke **T%£™^Z atSzalion drying appa,a,us in an open sys.em 

r.arnr.n. lor ,he Co compound can be J^'' ™S "brain a good balance el .he he,, w*. 

to appropriately control the degree of oxidation of tne ^° h ^3!i n i r artictes naving the Co compound with the alkaline 
0027] Specifically, the f.uidization mixing of ^ t t ^^^^^Z^ on , when the concentration of the 
'aqueous solution is conducted in a hot a.r convect.on ™* «"0 Seated a,r^ g 
aLineaqueoussoiutionisincreasedtoas^ymass^ Qf ^ njckej hydroxide 

i^ltj^^ ~ — the aika,ine aqueous 

solution does not proceed. transmission medium, the deviation of heat distribution in the reaction 

rj£2s ™r smtjts. u. « „ no, — * 

OBJECTS AND SUMMARY OF THE INVENTION 

positive electrode, and a method for producing the same. H secondary ce || especially a nickel-hydrogen 

E0031] It is another object of,he P^^^^^^^^L is suppressed and the capacity 

^et^ 

having a surface to which a cobalt oxide sticks, 

^t^^^ =p=ng a aoll.e roa.er.a, ,or poa„iu. elec- 
trode for an alkaline secondary cell, the method comprising: 

£2T~ : by raduaaon „h.e nrbdn, and ending. 



^-«rt? [0033] 



a cell casing; 
55 an alkaline electrolytic liquid; and 
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Ten positive .Hec.ro*, '"'^Zl^Zw™ *. a.«ne *«ro,y.i= WW. 
rZ-e, proved a r .«,o ;rr ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

cross sectiona. view o. a nickel-hydrogen secondary cel.: and Fig. 2 is a cross- 

DETAILED DESCRIPTION OF THE INVENTION 

r00371 First, the active material is described. mriri ___ nicke , hydroxide particles each having a surface lo 

to the surface of the nickel hydroxide particles. characteristic feature such that a part of the 

= C0^^^ 

guidln the cel., this Co(l.) oxide is easily Valine electrolytic Hguid in the cel. as complex 

materia, of the present invention, the Co(ll) ox d positive electrode preparation, and ox,d. Z ed dunng 
ions and distributed to and reprecip.tated ^ va ^ P ~ rt '°^; oxyh ydroxide or the like is formed between the n.ckel 

the gas absorbing power of the negative electrode ,« '"P^J- (he actjve materja , (n icke. hydroxide particles) is 
[0042] When the content of Co(ll) ox,de in the J° ° x ' de 8 ^ k, "9 1 gs hj n as aD0Ut 3 is more than 80 mol% 

ess than 20 mo.%, that is, the content of .he ox.de of Co hmng ^JSi of the active material in the assembled 

40 mol%. „ 1C/ . rnim oxide used in the present invention means a value obta.ned 

Co oxide, and a mole of all Co is calculated. r , artirles js diss0 | Ve d in an aqueous solution of ammonium iron 

sni^^sar es»=e2= u— -i- - — - — - 

(The titer in this titration is taken as B value.) aque ous ammonium iron(ll) sulfate solution is 

r^a^^ 

JSST A ^ .ctwccn A va.uo and B =TT SS^^- ^ 

lucking to the nicke. hydroxide particles changes Fe(H) " ^"JJV mo(e o( Co(lll) oxlde is cafcu.ated. 

and therefore, from this value (deference between ^^^^^L*. is lake n as 1 00 %, the value obtained 

[0048] Further, when all of the Co oxide st.ck.ng to t J» "^ h f ^ x Jj? j£ a value of m o.% of Co(l.l) oxide. 

by subtracting the percentage (%) of the mole of Cop 0 ^ ,d ™ an oxide of Co having a va .ence of precsely 

[0049] Thus, .he Co(.l) oxide in the presen. «^"J^ or \ , and an oxide of Co having a high va.ence, 

2 and includes an oxide of Co having a low valence, for example. 1.9 
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for examp.e. 2.6 or 2,. That is, C ° — * ? 

[0050] The content of the above Co(ll) ox.de can a^edDV » Qf , he Co oxjde formed ,n 

during the below-mentioned production o the mater ^£SX«*n« to as "active materia. I". 
a state of bivalent oxide. Hereinafter. the content of the above Co(ll) oxide can 

utilization. . -aiized bv straining the crystal of nickel hydroxide. For example 

[0053] The promotion of proton-diff usion can f • ^^^J^VwWth oithe peak ascribed to the (1 01 .) crystal 

e, r^sr^ - - - — * powder x - 

ray diff ractometrv because the utilization as an ^^^Z^Tbe pure nicke. hydroxide, but it is preferred 

e ^ssssrir " c ssis c 0 ^ «>. - - — 

of Co in the eutectic of the nickel hydroxide is 2 % by man or less. nicke| hydroxide in a high 

[0056, Each of Zn and V ."^^^C^^^ ""*- h * d ™ ide - ^ "IT 

temperature environment. u ^ com p 0ne nts is used as an active material, the oxygen overvoltage 

discharge cycle characteristics of the ce » and the formation of an 
pressing the lowering of the oxygen generation polar t al in , ah«h te p e ,ectrode. 
eutectic with Zn is effective for obtaining an effect of suppre ^9 ^e swe M 9 ° ? resultant crystal 

[0058] Generally, when an eutectic of nickel omTd the strain of the resultant crystal 

becomes large. However, when an eutectic of nickel hydr and Zn * *™ d ' ™ v£ materja , tends t0 lower . 
generally becomes small and the crysta.lin.ty is enhanced, so that the "^TJes^nome crystal can be secured 
[0059, Therefore, in above preferred n.ckj^ ^ ^ ^ by , he 

-P— 2 the utilization and an improvement o, the 
SS*^^^^^ • Te^ove-mentioned state wherein the value of a ha.f width of the 

particles with the particles of a Co compound, Co in the eutectic is reacted ^^^^^ the content 

made of nickel hydroxide particles each having a surlace to wn.cn »* aqueous solution of which 

which are obtained by a method in which nickel hydrox.de part.cles a »^J* "SI" «S2ly added thereto. In 

ment of the utilization of the active materia! cannot be expected. 
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„r,r4 an alkaline aqueous solution is 

. ==== 

„ "eTghl, conducive Co oxide is unMl.taaor,. Or .h.*. „, , nil alRali „ e «,«»»«» 
Si irSKlSS^ X~ CO — added is ao, — , — < 



method of heating by radiation o. a m ^ mo J* Z"*^™^^ medium , and vibrates water molecules coexisting 
[0071] Specifically, the microwave requires nc heat es Therefore . a precursor (Co comp ex 

n the mixed and stirred system to un.form.y l ^^^Z!^LSm particles is oxidized in a state such that ,t ,s 
ions) of a conductive matrix formed on the ^ce of th mck P un|foml|y formed on the surface of 

also uniformly heated, so that a Co oxide wh,ch c ™^*™£^J m(imon has a function of increasing the 
,he nickel hydroxide partic.es. ^^^T^^^^Zn^ of the nickel hydroxide partic.es ,o 
surface activity of the nickel hydrox.de parses by caus.ng the C ny ^ ^ by ^ a 

suffer a defect by the energy dosed or caus.ng the state .of W° r * 20 mjnutes . 

microwave radiation may be ''^^^ ^^tT^^i^ m on „ mosfpreferred because 
t 0072] in addition, the method of heat.ng b radiation of a m« owa |ned temperat ure in a short t.me, 

he energy efficiency is high and the react.on reaction system can be uniformly heated. 

with the method of heating by convection or heat tran sfer mjxed and stjrred system is 40 to 

[0073] Further, it is preferred that the ™J»«U£ ££S£2ll3£ Co compound contained in this system 
150-C. When .he temperature .s lower than 40 - C M ^ e ^ so ™ a|ka)ine aqueous s0 , uti on is lowered, and 

in the alkaline aqueous solut.on .s lowered and the ra me utj|izaljon of the active material ,s not so 

, hU s, the formation of the highly conducive Co ™£*^™*£°claXer in the alkaline aqueous solution is disad- 
high. On the other hand, when the temperature .s h.ghe ^ han 1 5C > C ^ par . 

va 9 ntageous.y evaporated Ts extremely lowered and, .ike the above 

tides and the Co. compound, and thus, the J s0 ha , lne uti , jzat ion of the active material 

[0074] Thus, active material . of the present Invention » ^"ce* appropriately sele cting the conditions for the 

0075 in the above-mentioned production of the active ^ 20 to 40 mo.%. 

Lt treatment, the content *• °< T " 

[0076] For example, when the method of heat.ng by m.crowaye maqnc tron. the heat treatment torn- 
ho Co complex ions can bo adjusted by ^P^^^^^^tZ^ and the like, 
perature, the hea. treatment time, the concentrat.cn of ^the a.kahn as tne alkaljne aqueous 
f0077, Specifically, the con.en. a*. Co(H, >o»* .car ^'Joo toO.OS to 0.5 kW per 1 kg of 

rr a rr— a sri— ^ - « * 130 ° c and s,irrins and m,xin9 ,or abou 

[0°07ir te The Production of active material I. can be conducted as fol.ows. 
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s LmouL The,*,., when all o, the sticking Co « . " e o ^*"' '^^3 IMh !s case. ,he eonten, (mo,%> of 
oxide, so thai the ealenee ol the Co ox,Oe alte, m, xtng .Z, ™ ine amount ol Oo(H) oxide to be mixed, 

ta.n, as an example a optica, 

obtained 0, laminating toge.he, me belo»™nt,or,e 'J^^TS^sS^ J^) eleew.de (negative 
sepatato, 3 and metal .Hoy Inaeing h,d,ogen oeelud.d thet.in (^^^^^ o( gronp 

sealing plate 9 in a disc form, having pore 8 at a center port on thereof * disposed in a 

inwardly caulked. nortion of electrode qroup 5 and welded to the lower 

[0084] in addition , lead terminal 1 0 is provided on the upper ^portion J* 9 J f e 8 of sealing 

b e :=^r."neo^^ 

a conductor are kneaded in the predetelined amounts, together with water, to thereby prepare a paste, and the paste 
i_ aDD , ied onto th e above-mentioned conductive core material, and then, dried and shaped. 

008 ^1 wTrrspect to the hydrogen occlusion metal alloy used, there is no particular l,m,«at,on as long as it can 
SSSch^LTcSlu* therein and release therefrom hydrogen, and, for example, there can be mentione LaN, 

(w x and ^ epSsenL aZi^atios'satis'ying the re.ationship: 5.00 ^ w + x + y S 5.5, is preferrec fnom the v.ewpoint 
oTsuooressina pulverization during the charge-discharge cycle to improve the cell m cycle life propert.es. 

the binde'he above-mentioned various polymer materials used in the ^mductior , of pos«.ve 
electrode 2 can be used, and il is preferred thai the amount of the binder added .s adjusted lo 0.1 lo 5 /<, by mass, 
based on the mass of the hydrogen occlusion metal alloy. 

[0090] As the conductor, for example, there can be mentioned carbon black, a graphite ^* d « an J ,h « ^ 
to preferred that the amount of the conductor added is adjusted to 0.1 to 4.0 % by mass, based on the mass of the 

SSEr.n°SS n" as et S a o P ^'°a y tor3. there can bo mentioned a nonwoven fabric o, polyolefin flbor .uch as polypropyl- 
ene fiLr po.ye^ytene fiber or the like, a nonwoven fabric of nylon fiber and a mixed fabric of these fibers. Further, 
There c^n be mentioned on e which is subjected to hydrophi.icity treatment if desired Particular.y, preferred ,s a non- 
woven fabric of polyolefin fiber having a fiber surface which is subjected to hydroph.hc.ty treatment. 
[0092] As the alkaline electrolytic liquid accommodated in the cell, for example, a mixed aqueous solution of sod urn 
hydroxide and lithium hydrox.de a mixed aqueous solution of potassium hydroxide and ,h.um hydrox.de. a m.xed 
aqueous solution of sodium hydroxide, potassium hydroxide and lithium hydroxide, or the l.ke can be used. 
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[00M1 ,-r«2^ rrr "' =: 

,rode and the alkahne e ectroiyi m ^ be achieved . hydroxide particles each 

having a sodace coaled w,.h a aod.u ^.^ 

he Na component of the sodium hydrox.de 

--^^^ 

* , , ana „ » ,e p— in.l M 0, me N«-r JjC. — is 

fOIOOl in addition, the Na component of the ?a wnterong ^ ^ (ne amount of the Na com 

rCnT^c^ 
i^Kci^^^ 

metallic Co or a Co(ll) compound is dissolved in the alka m «a Y , mpr oved and the effect of increasing the 

S™Lc Co o. a cod.) compound »' "» a "° Ve <'"' US " >n ^TnTaTd 

Padiculartv whan Ihe cell is allowed 10 aland in a h,gh W<™ aiac.daled. Ihe Co componenl Mused 

remwily oocora Than, al.hoogh me mechaniam o, a reac ™ »* s ;™ **^pp-as=ad dieaolunon o. .Pa dla.o.vad com- 
menegallve electrode (hydrogen oeolas»n ™£Z»%££°£ 'X'™ 1 ,„„aaaas lha MM) and .ha gas 

ssrs^ss— " * ' mprovea and me " se 

SST P =r=a, aooh ehac.s 

E^r^i^ 
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L crystal of the Na-containing Co oxide * «»» ^ 1 2 * 

of the active material to be lowered. On the other hana, wnen ine c of (he 

electrolytic liquid containing lith.um 'T^V^^S JUSS S o a Co(.l) compound, after assembling 
particles coated with the Na-conta.n«ng Co oxide and part.cles of metallic oc , o -a oo j h 

conductive matrix is formed. 
Examples 

Examples 1 to 3 and Comparative Ex amples 1 and 2 
(1) Preparation of active material 

,„„„ Hra, were prov,dad ^ ^ p-J- J. ^-JjW ^ ^.a - * 

coba.I (Co) conuni ol Ih. aula** war. 5 % by 1 * « .™ 8 '; by powdar X-ray dMraCoro.tr* 

LyVroLda P»d«L, and L raaalran. arbdur. was obaroad Wo a gaoara, mbr.r aod row.d rogarhar a, 25 C lo, 2 

=H^=p™r== 

^15^^'^^ hand, as a b.ank test, the above aqueous ammonium iron(.l) sulfate solution was subjected ,o 
determined by back titration using the following formula: 



(A-B) x f x 0.001473 x 1 .0 (g) 



.vuhproin f presents a factor of the 1/40 N aqueous potassium permanganate solution). 

01171 As resuf it was found that the content of the metal regarded as being trivalent in the Co component of the 
«. o b a hydroxide aid* Twas less than 0, % by mass. From this resu.t. It Is ^^^J^X^S^ 
metal in the mixed powder is less than 0.1 % by mass, and almost a.l the Co component of the cobalt hydroxide 

is bivalent. 

rnnfti Npxt the mixed powder was subjected to oxidizing treatment. 

[o! Isj First.' 3 k gTt h e mixed powder was taken as one batch, and the one batch was charged into a m.xer (having 
so a raoacitv of 10 L) havinq a microwave radiation function. 

mi201 Then an aqueous sodium hydroxide solution was sprayed into the mixer simultaneously with microwave 
aofa" on whTc thorough mixing. In Js instance, the concentration and the amount sprayed of the aqueous sod.um 

SII^S^! output 2 the magnetron and the radiation time, the stirring time and the like were vanous.y 

chanaed to thereby form various types of active materials I. 
55 [0121] | Then each of act.ve materials I was washed with water until the P H o, the washing water became 7 to*and 

the alkali component sticking to the surface was removed, and then, .he resultant active matena. was subbed to 

ST5^^.SZ1 - each of active materials I obtained from the batches, a valence ana.ysis was 
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Table 1 



Comparative Example 1 
Example 1 
Example 2 
Example 3 
Example 4 

Comparative Example 2 



Type of active material 



a particles 
b particles 
c particles 
d particles 
e particles 
f particles 



Cobalt(ll) oxide content (mol%) 



0 

1 8 

27 
42 
59 



100 (No oxidizing treatment) 



(2) Assembling of cell 

[0125] Using the above act.e matenals I. positive f'^^^™^ 

S 26 FirsUnto 1 00 parts by mass o. ^^"'^^SS £X ^ so.ids content: 60 % by mass) . 

hereby prepare a positive e.ectrode 

preparation paste. averaqe pore size of 200 urn and a thickness of 1 .5 mm 

electrodes for a 4/3 A cell having a theoretical capacity of 3.800 mAh. 

[0128] On the other hand, a negative '^^J^^^^^^,^^ (Mn) and a.uminum (A.) were 
0129] First, a commerca.ly '"^**^^^^S^mBuJ^ mixture was melted by means of a 
m,xed together so that the mass rat.o became 4 .0 0 .4 -".O^ and ™ 6 , hereb prepare an ingot of a metal 

high-freqLncy melting furnace. Then, the resuftan^ 

alloy having hydrogen occ.uded there.n J£J£ ' * obta 9 in an all0 y power having particles diam- 

(Mm: Mischmctall. The ingot was ground, and then classmco 10 

ctcr of 50 pm or loss. . ^ m „ r _, oH < 0 Dart bv ma ss of carboxymethyl cellulose, 3.0 

[0130] into 95 parts by mass of the alloy power wore -noosed ^ P«« by m ^ q( carbon 

parts by mass of a PTFE dispersion (spechc B™ 1 *^ " J^iecJode preparation paste. 

b.ack. and 50.0 parts by mass of water to thereby prepare negate elect p P ^ ^ % ^ ^ 

[0131] The prepared paste was applied onto a punched n.ckel sheethaving p > y , alive electrode). 

size of 4/3 A at 3.800 mAh having a structure shown in F.g. 1 and were assemoie 
1 . Evaluation of cell characteristics 
(1) Utilization of active material 

. ocor f^r iq hnnr<; Then with respect to the resultant cell group, 
10,33, FWL a eel, group »as subbed » •£» « » 5 0 %. and a discharging was conducted 
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Cell group 



Table2 . 

Utilization of active material 



Type of cell group 



Cell group A 
Cell group B 
Cell group C 
Cell group D 
Cell group E 
Cell group F 



Type of active material used in 
positive electrode incorporated 



a particles 
b particles 
c particles 
d particles 
e particles 
f particles 



Maximal value 



1 0 6 

1 1 0 

1 1 0 

1 1 1 

1 1 1 

1 1 2 



Minimal value 



1 00 

1 07 

1 0 8 

1 0 8 

1 0 9 

1 0 9 



Average value (n=9) 



1 05 

1 08 

1 09 

1 0 9 

1 1 0 

1 1 0 



. nt from Tables « and 2 the utilization of the active material depends on the content of Co(ll) 

(2) Evaluation of ovcrdischargc characteristics 

was conducted at a charge curren of 1 .0 C mA unt,l -dV b ^ me J° 7 c jscha ; operation was repeated 

overdischarging. 

[0136] The results were shown in Table 3. 



Cell group 


Recovery ratio after overdischarging (% ; average in n-3) 


Type 


Type of active material used 


Cell group A 
Cell group B 
Cell group C 
Cell group D 
Cell group E 
Cell group F 


a particles 
b particles 
c particles 
d particles 
e particles 
f particles 


100 
98 
97 
95 
85 
73 



[0137] As is apparent from Tab.es 1and3 ; in cell groups E and F using the active material havng too large a Co(l.) 
LirtP content (mol%) the recovery ratio after overdischarging is considerably lowered. 

[01 38] ^he reason for this resides in that Co<.„) oxide wh,ch is electrochemical* ^^^^J™ 
and discharging is unstable, and discharged by overdischarge due to short-c.rcutt.ng and changed mto a Co(.l) com 
pound. Thus, the Co(ll) ox.de content should be adjusted to 40 mol% or less. 

(3) Evaluation of internal pressure characteristics 

[0139] Three cell were arbitrarily taken from cell groups A to F, and positive electrode terminal 1 2 and safety valve 
1 1 made of a rubber shown in Fig. 1 were removed to open the upper portion of the cell. 

[0140] " en. the test apparatus shown in Fig. 2 was assembled. Specifically, this test apparatus compnses ca ,ng 
Ly 3 and cap 14 which are made of an acrylic resin, and hollow 15 which can accommodate therein a ceH casing 
for a cell in a 4/3 size is formed in the center portion of casing body 13. and the above-mentioned cell 16 ,s accommo- 

toun Cap M 1 serves as a sealing plate, and further, can detec, the interna, pressure of ce.l 16 accommodated in 
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hallo* IS b V providing piMnx * "»*>' " °"°" P , " bv b0 „ 2 „ and „ u , 21 threugl, "lober soaal 18 and O-ring 1* 
[01 «, Cap .4 . f^J^Z^XZ IfecWdP and p.ai,^ ..ed-ode lead 23 ,™n .ha posa.va a,ac„ode 

SSSSSS-r ^SaT . 2Uq was condaclad a, a c^a cu m „, 
in Table 4. 
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Table 4 



Cell group 



Type 



Cell group A 
Cell group B 
Cell group C 
Cell group D 
Cell group E 
Cell group F 



Type of active material used 



a particles 
b particles 
c particles 
d particles 
c particles 
f particles 



Cell internal pressure (x 10* Pa, average in n=3) 



15 
7 
5 
5 
4 
3 



,0,44, AsisapparentfromTaUesland^^ 

Lc.) oxide is very high, and the .arger ^^^tTcSS ' --ten, is sma... the absolute va.ue of the 

[0145] The reason for this is presumed as follows. When the oo , formation of the matnx at 

amount of the Co(..) oxide dissofved in the the negative electrode 

20 mol% or more. 



(4) Evaluation of charge-discharge cycle characteristics 



W ™aa ca» — ca» = A lo F.and a 

after the 1st cycle was taken as 100 /<> capacity, ana ne p y n ^ ^ g 
value relative to the va.ue of 1 00 % capac and he resu, ts ^ ™ be)ore gnd after the 

[0148] in addition, with respect to each of the cell groups, a reducec . we.g 
est of 500 cycles was measured, and the results were shown ,n Table 5 as an average 
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10 



15 



[014 „ Aeiaappe.n.^eal^^^ 

L cel. a,ou P . M snna»er Ihe degree - « £££££ material oon.aining no Co(ll) oxide, no. only be 

liquid is markedly lowered. Therefore, a ^^^^SS^ich « physically away from each other 
composite nickel hydroxide particles and the c ^^ C ^^Toi the cel.. so that a reaction cannot uniformly 
during the production of the cell, is not reformed after the P^uct'on of th ^ ^ ^ . p 

proceed, causing .he utilization to be lowered. ^•^^^STi^ng a rise in interna, pressure. 
L cel. and a lowering of the gas 'f^J^^^^^^^'^ reduced weight between before and 
[0151] The results of the rise in internal pressure are apparen decomposition of the alkaline 

'after the charge-discharge cycle test shown in the ™ e .**^ n ^*Zs L gassing caused by the rise in 
electrolytic liquid caused as a side reaction ^S^i^^S cel. and the resistance in ..quid is 

interna, pressure indicates that the a.ka.ine e.ectrolytK ^^J^^g o( the capacity. 



[0152] 

mol% or more 



j> Examples 4 to 6 and Compar ative Examples 3 and 4 

[0153, « Zn and Co were disso.ved in an aqueous so.ution - - J^^^SSSS S£ 
it a temperature of about 40 -C and added dropwise to ^^^^^^ spherical nickel hydroxide 
so.ution was adjusted at . pH o» ^J^JS^^^J^Z cnanged. to thereby form five types 
25 particles. In this instance, the amounts of Ni. Zn and Co ^°' v °° eutectic shown in Table 6. Then, with respect 

was measured by powder X-ray diffractometry. hvdroxide particles under the same conditions 

^ "und «?. in al, o. me active nKdedals, .he comem was 

also measured by powder X-ray diffractometry. ..nderthe same conditions as those in Examples 

" ? I,? JSET SdT=S ^S^d^^oeSdO, one e.ee.nod. in a - - « A 



[0157] 

manner as in Examples 1 to 3. 
Wo [0158] The results are summarized in Table 6. 
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Utilization 
of active 
material (%) 

— — - — _ 


CT, LO CM O 

o o o O O 

r— » r-H r-H r-( 


width of 
to (101) 
liff ractlon 


After 

oxidizing 

treatment 


0 . 9 

0.91 
0 8 2 
0.73 
0.62 


/alue of half 
Deak ascribed 
crystal face c 
728(Cu-Kj 


Before 

oxidizing 

treatment 


<*> « « 2 

o ' * * 

£3 . — ( 1 — < «— < 


Active material used 


Co content 
of eutectlc^ 
( % by mass) 


oo so 

• CM 

0 _ csl rg 


Zn content 
of eutectlc 
(% by mass) 




Type 


g particles 

h particles 
i particles 
J particles 
k particles 


Type of cell 


group 


Cell group G 

Cell group H 
Cell group I 

Cell group K 




Comparative 
Example 3 
Example 4 
Example 5 
Example G 
Comparative 
Example 4 



16 



10 



15 



25 



30 



35 



40 



45 



50 



55 



EP 1 113 512 A1 

t from Table 6 when the nickel hydroxide parlic.es having a Co content of the eutectic of 2 % 

esl « - ~ — sr^ — - - * — « - - «~ 

[0160] in addition, when the Zn content of the ""IjJa Treatment the value of a half width of the peak 

s increased, in the nickel hydroxide ^"er ^^*<^P^™^°^ 

ascribed to the ( 1 01 ) crystal face d.ff taction become ' , he value of a na „ width of the peak ascnbed 

0161] The Reason for this resides in that not only the Co comport the ™^JJJ of tne nicke , hy . 

hi production o. the active materia, but also the ^^^^^Z^ of the oxidizing treatment. 
droSd. particles increase the crys.a.linity of the ^^^^Zon of the active materia, is recognized. 

™^ 

Examples 7 and 8 

[01M , Spdedca^hyd^epadiaes^P^ 

„.,. 5 % by mass and , .4 % by mass, respectively. ^^"'2f«„ 5 P . A By masS; , .4 % by mas. and 

re ,„7.d y ,o as -IpadlCS-. and M la.ar pa*.« are "-"^^^ESi lr „ lman , „„*,,„. s.m.eondidons 
(0164] Tnese »»o types ol nickel hydroxtda pad ctor " c '" u ^3.° nt ol m | Co( ,„ oxl da in each »1 tttese active 

l^i^t.'X^SSS S" S p^»»r,.as-d.,, 3re .pL-.add,d.ca,, 9ro dpa S se m . 
bled using m particles is referred to as "cel. Jjroup M I. to each Qf the resultant ce „ 

[0166] These cell groups were subjected to ^VinLZed lx a Zre nt of 0 1 CmA until the depth became 1 50 %. 
groups, in an atmosphere at 25 -C. a charg,ng was conducted at a «n.rtot 0 ^ charging . discnarging 

50 %. and the cell group was a.lowed to stand ,n an atmosphere ■« 25 C tor5 hours. a 
can temperature reached 25 -C. Then, a d.scharg.ng was "'J^^n SSherl'at 55 'C. A ratio (%) of the .alter 

i»-a sra-rai — — - — in Tabie 7 as a 

high-temperature charge efficiency. 





Type of cell group 


Hiqh-temperature charge efficiency (%) 


Example 7 
Example 8 


Cell group L 
Cell group M 


70 
90 



ESrXZ ^Ki?2S?U-- P— in „bicd nicke, hydnakid. tenkts an eeteede »„b V. .be 

charge efficiency at high temperatures can be enhanced. 
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Fv^m ples 9 to 12 and Comparative E xamples 5 and 7 
1 Preparation of active material 

(0171! 

was S« ; to Tea" treatment about 1 00 -C for 20 minutes by microwave radiation by operating a magnetron a, 

ro^l The obtained powder was subjected to qualitative analysis by means of an electron scanning microscope 
(SE^!-ene^qy di^e^sio^ spectrum (EDS), and as a result, it was confirmed that there was a film of the Maintaining 
£^2T!SSSSi of the nickel hydroxide particles. In addition, with respect to the Na-contam.ng Co ox de, a 
quan ita^ ^analysis was conducted by inducivety coupled plasma (.CP) emtesion spectrometry, and as a resuM was 

T01731 This powder is taken as active materia! A. . or _ # n lim w ™ 

m 74 Then active materia. A and a cobalt monoxide powder having an average pamc.e d.amete of 1 pm were 
mixed in a weigh, ratio of 100:1 . to thereby prepare an active material. This .s taken as act,ve matena. B. 

j 2. Production of positive electrode 

r0175l Into 100 parts by mass of the above-prepared active material were incorporated 0.25 part by mass of car- 
boxvmethTcellulose. 0.25 part by mass of sodium polyacry.ate, 3 parts by mass of po.yte.raf.uoroethy.ene, and an 
appTopriatc amount of water and then, the resultant mixture was thoroughly kneaded, to thereby prepare a paste. 

S s ^01 76] Then a nickel fiber substrate was filed with the above-prepared paste, and dried, fo.lowed by ro.l-ca.endenng, 
to thereby produce a positive electrode. ~«eitiuo 
[0177] The positive electrode prepared using active materia. A is taken as positive electrode A, and the pos,t,ve 
electrode prepared using active material B is taken as positive electrode B Miamatar nf 

^0178] For comparison into 100 parts by mass of nickel hydroxide particles having an average part.cle d.ame er of 

30 10 urn were incorporated 10 parts by mass of a cobalt monoxide powderhaving an average part.cle diameter of 1 pm. 
0 25 part by mass of carboxymethyl cellulose. 0.25 part by mass of sodium polyacrylate. 3 parts by mass of poly- 
tetrafiuoroethylene. and an appropriate amount of water, and then, the resultant mixture was thorough ly kneadeo, o 
thereby prepare a paste, and a nickel fiber substrate was filled with the prepared paste, and dned, followed by roll- 
calendering to thereby produce a positive electrode. This positive electrode is taken as positive electrode C. 



35 



■45 



50 



3. Production of negative electrode 



r01791 A hydrogen occlusion metal alloy having a composition formula: LmNi 4 0 Co 0 . 4 AI 0 . 3 (Lm means a lanthanum- 
enriched Mischmetal) was mechanically ground, and into 1 00 parts by mass of the resultant alloy powder were mcor- 
porated 0.5 part by mass of sodium polyacrylate, 0.125 part by mass of carboxymethyl cellulose 1 .5 part by mass (in 
Terms of the solids content) of a polytetrafluoroethylene dispersion. 1 part by mass of carbon black, and^50 parts by 
mass of water and then, the resultant mixture was thoroughly kneaded, ,o thereby prepare a paste, and the prepared 
paste was applied onto a punched nickel sheet, and dried, followed by roll-calendering, to thereby produce a negative 
electrode. This negative electrode is taken as negative electrode A. 

[0180] In addition, a negative electrode was produced in substantially the same manner as in the case of negatrve 
electrode A except that-0.1 part by mass of the cobalt hydroxide power having an average particle diameter of 1 pm 
was further added. This negative electrode is taken as negative electrode B. 

4. Production of nickel-hydrogen secondary cell 

[0181] The positive electrode and the negative electrode were combined as indicated in Table 8, and a separator 
made of a polypropylene nonwoven fabric, which was subjected to hydrophilicity treatment, was disposed between 
the positive and negative electrodes, to thereby constitute an electrode group, and the electrode group was accom- 
modated in a cell casing, and further, an alkaline electrolytic liquid having a composition indicated in Table 8 was poured 
55 thereinto, thereby assembling a cylindrical nickel-hydrogen secondary cell (4/5 A size) having a structure shown in 
Fig. 1. 

[0182] The assembled cell was allowed to stand in an environment at a temperature of 60 "C for 1 day, and then, a 
150 % charging was conducted at 0.5 CmA. and a discharging was conducted at 0.5 CmA until the voltage became 1 
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V, to thereby effect activation 
5. Performance of cell 



O re* i \j > 1 1'"' »»-'~ — ■ 

and then, a 150 % charging was conducted at ^.^^Zelecame^ V Then, a charging was conducted at 1 0 
and a discharging was conducted at 1.0 CmA unt. ^ e Y olt ^ C ^ ^ voltage became 1 V, and this charging- 
CmA for 1 .5 hour, and a discharging was ™e 3rd cycie was measured and taken as a 

~ 9 a P Tr^ 

[0185] The results are summarized in Table 8. 
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[01 86] From Table 8, the f ollowings are apparent. 
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(1 , From a comparison made -ween Examp.e ■ «- — ^2^^ ST C^P* » 

ame positive and negative electrodes are used he ^J^ZJ ne e|eclrolytic liquid accommodated. 
impr oved. This shows the effect * ^ ° to 1 2 re des in that the active materia, (or positive etae- 

^tt^SZStt Smponen, and the pos.t.ve etectrode or ne 9 ative eiectrode ,n 
Examples To ,o 12 has a post-addition of the Co component 

[0187] .n addition, the utilization of the J 
Example 9 . The reason for this is presumed to res d ^Jjjjjj « elccIrodo lror , bein g adversely affected. 

===^«~=== 

Exam ples 13 to 18 

Uvironm.nl at , ,empn,alu re sno»n ,n Tab* ,9 da, ^ * 150% „„ d . , o v-oa 

rupee to lit. ...on.". cM. a charging L dih.romg op.re.,on was repealed .0 .inn... Th. dUW 

CmA later were measured. The results were shown in Table 9. 



Table 9 



Example 13 
Example 14 
Example 15 
Example 16 
Example 17 
Example 18 



Temperature for standing 
CO 



25 

40 

600 

800 

100 

120 



Cell characteristics 



Utilization of active material (%) 



100 
101 
102 
101 
100 
96 



Cell internal pressure 
(maximum:x10 5 Pa) 



7 
6 
4 
4 
3 
3 



,0, M) As la appar-n. - HO =>■ — "EESrTJSS ^.SI^.tSSSSE 
c.,1 is increased, the call inlarnal pressure d.nng M «W . « JJT^™ ou , an0 ai „ uaet! reward .he n.galhr. 
in that, although in a .mall amount the Co componeht , n „^, irlc , eas e ,he gas abeorbing rate, 

•tonoda. and enhance, .ha raaethrit, of Ihe h.gat.va ^""'"'^.'"'.i., el ,h. uliiaalion ol lb. acliu. 

SSL =r ssr^sa L-rrr:. a c „ d „. - «, 

and as a result, the maximal internal pressure was 3 x 10 Pa. 



Claims 

55 



,. a ac.hr. htarena, lot poaifiua alaeuod. for an a,**. aaconda^ oa, comprising nf=K.I hydroxide padic.es .ach 
having a surface to which a cobalt ox.de sticks, ™ ha „„n 
wherein a par. of said cobalf oxide comprises an ox,de of cobalt(ll). 



21 



EP 1 113 512 A1 



10 



15 



45 



3. 



The active materia, for positive electrode according to Cairn 1 , wherein said oxide of coba.t(l.) is present in an 
amount of 20 to 40 % by mole, based on the total mole of said cobalt oxide. 



mass or less. 



is 0.8<>/2e(Cu-K a ) or more as measured by powder X-ray diffractometry 
5. A method for producing a active material for positive electrode for an alkaline secondary celt said method com- 



prising: 



mixino and stirring nickel hydroxide particles each having a surface to which a cooa.t(M) compound sticks or/ 
arid mixture %SS£i nicke. hydroxide partic.es and partic.es of metallic cobalt or a coba,t(..) compound w„h 
an alkaline aqueous solution in the presence of oxygen; and otirri nn 
sub!eclg the resu.tan, mixed and stirred system to hea, treatment by rad.ation wh,.e m,x,ng and st.rnng. 

^ 6. The method according to claim 5, wherein said radiation is a microwave from a magnetron. 

7. An alkaline secondary cel. having incorporated thereinto a positive e.ectrode comprising the active materia, for 
positive electrode according to any one of claims 1 to 4. 

25 8. A nickel-hydrogen secondary cell, comprising: 

a cel. casing; 

S SSS.'SS compSg" Pos^ive e.ectrode which comprises a conductive core materia, having carried 
Zton an activemateL comprised main.y of nicke, hydroxide partic.es each having a su tac. -"-Jdwjh 
a sodium-containing cobalt oxide, or an active materia, comprised mam.y of a m.xture of ntcke. h^hrt 
particles each having a surface coated with a sodium-containing cobalt ox,de and metallic cobalt or a cobalt 
impound a negative e.ectrode which comprises a conductive core material having ™* a 
negahve e.ectrode preparation comprised main.y of a metal alloy having hydrogen occluded there.n, and a 
35 separator disposed between the positive electrode and the negative electrode, 

wheretn said electrode group te sealed in said cell casing together with said alkaline e.ectrolyt.c hquid, 
wherein said alkaline electrolytic liquid contains 0.3 to 1 .2 mole of hth.um hydroxide. 

9 The nickel-hvdroqen secondary cell according to claim 8, wherein said sodium-containing cobalt oxide is present 
in anTmount of 0 5 to 20 % by mass in terms of the mass of cobalt, based on the total mass of the active material. 

1 0. The nickel-hydrogen secondary cell according to claim 8 or 9, wherein said sodium is present in an amount of 0.05 
to 5 % by mass, based on the total mass of the active material. 

1 1 The nickel-hydrogen secondary cell according to any one of claims 8 to 1 0, wherein said negative electrode prep- 
aration has incorporated thereinto metallic cobalt or/and a cobalt(ll) compound. 

12. A method for producing the nickel-hydrogen secondary cel. according to claim 8, wherein the alkaline ^trolytic 
liquid is poured into the cell casing and the cell casing is sealed up, and then, the resultant casmg is allowed to 
so stand in an environment at a temperature of 40 to 1 00°C for 1 day or more. 
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FIG. 2 
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